AbstrACt
Objective Based on two scoping reviews and two environmental scans, this study aimed at reaching consensus on the most suitable sensory screening tools for use by nurses working in long-term care homes, for the purpose of developing and validating a toolkit. setting A mixed-methods consensus study was conducted through two rounds of virtual electronic suitability rankings, followed by one online discussion group to resolve remaining disagreements. Participants A 12-member convenience panel of specialists from three countries with expertise in sensory and cognitive ageing provided the ranking data, of whom four participated in the online discussion. Outcome measures As part of a larger mixed-methods project, the consensus was used to rank 22 vision and 20 hearing screening tests for suitability, based on 10 categories from the Quebec User Evaluation of Satisfaction with Assistive Technology questionnaire. Panellists were asked to score each test by category, and their responses were converted to z-scores, pooled and ranked. Outliers in assessment distribution were then returned to the individual team members to adjust scoring towards consensus. results In order of ranking, the top 4 vision screening tests were hand motion, counting fingers, confrontation visual fields and the HOT-V chart, whereas the top 4 hearing screening tests were the Hearing Handicap Inventory for the Elderly, the Whisper Test, the Measure of Severity of Hearing Loss and the Hyperacusis Questionnaire, respectively. Conclusions The final selection of vision screening tests relied on observable visual behaviours, such as visibility of tasks within the central or peripheral visual field, whereas three of the four hearing tests relied on subjective report.
Next, feasibility will be tested by nurses using these tools in a long-term care setting with persons with various levels of cognitive impairment.
Research into sensory and cognitive ageing has pointed towards the association between sensory and cognitive health at midlife, 1 whereby poorer sensory abilities in vision, hearing and olfaction are already associated with reduced performance on cognitive tests. Similar findings have been reported in older adults, and sensory decline has been proposed as a possible early indicator for the development of dementia of the Alzheimer's type. 2 These and similar studies have explored the links among visual, hearing and cognitive functions, with the goal of better understanding whether these symptoms may be signs of an underlying common cause, such a frailty, 3 4 or whether sensory decline may lead to cognitive impairment, or the other way around. [5] [6] [7] [8] [9] [10] In either case, impaired cognitive ability can seriously interfere with the capacity to detect potentially treatable sensory impairments. 11 However, currently validated sensory screening tools that can be applied across a range of cognitive abilities are not available. Since sensory impairment jeopardises the administration and reliability of cognitive screening and assessment tools, strengths and limitations of this study ► This study brings together evidence and expertise in sensory assessment and cognitive ageing that were gathered across two previous scoping reviews and two environmental scans, from the literature as well as from clinical practice. ► The resulting consensus on sensory screening techniques in the long-term care environment builds the foundation for the development of a new screening tool to guide nurses in their efforts to identify vision and hearing loss in residents under their care. ► The variability in cognitive abilities of long-term care residents poses a challenge for screening techniques, and the flexibility required for testing often opposes validated test standards. ► To develop an effective screening tool for practice, there is a need for a better understanding of the links between sensory and cognitive abilities in older adults with dementia.
Open access
there is a clear need to improve the ability to properly assess vision and hearing in older adults with dementia. This is of specific urgency among those living in longterm care homes (LTCHs), where the coexistence of vision and hearing impairments has been reported to be disproportionately high, 12 especially with dementia of the Alzheimer's type being the most prevalent comorbidity in this population. 13 Previous data have indicated that around 70% of older adults with dementia in LTCHs have some sensory deficits. 14 Therefore, screening techniques for sensory impairments that are robust in the presence of cognitive impairment are needed by front-line health professionals (such as nurses) working in LTCHs. 15 16 Nurses employed in LTCHs have further pointed at the importance of detecting and potentially remediating or rehabilitating sensory impairments in this population. The contributing influences of sensory and cognitive impairment on older adults' functioning are currently difficult for them to differentiate or to identify by use of standardised tests. 16 The underlying assumption is that their LTCH residents can hear and see each test, its instructions, as well as the person administering it. However, given their prevalence, vision and hearing impairments can interfere with communication, 17 as well as with the audibility 18 and visibility 19 of screening and testing materials and instructions. 20 Therefore, screening for cognitive impairment in older adults with any level of vision and/or hearing impairment is likely to be somewhat unreliable if the sensory impairments are not considered during the administration of such tests. Even when such accommodations are made, the reliability and validity of the results may be jeopardised as the testing demands and conditions may no longer be optimal or comparable with the original standards. Therefore, the urgent requirement for reliable sensory screening tools that can be administered by front-line healthcare workers, such as nurses, becomes clear. This allows them to refer and allocate services accordingly, and thereby improve their residents' capacity to perform to the best of their actual abilities should their cognition be assessed, while also enhancing their patients' care, quality of life and independence.
In order to improve the ability of nurses working in LTCHs to detect sensory deficits in residents under their care, our team laid out a multistudy protocol with the goal of developing and validating a sensory screening toolkit. 21 The first step was to conduct two scoping reviews with the aim of identifying screening tests for vision impairment 22 and hearing loss (W. Wittich et al, in preparation), published in peer-reviewed literature, that have been used in the past with older adults who have cognitive impairment. The results presented by Campos and colleagues 22 identified a combined total of 19 vision screening tests that were judged suitable for use by nurses working in LTCHs, and provide detailed information on their validity, reliability, sensitivity, specificity and sensibility. The majority of these tests were chart-based (eg, black letters on a white background) to be used near (eg, 40 cm) or at a distance (eg, 6 m or across the room). Other tests focused on examination of ocular anatomy (eg, pupil reflex), visual field or self-report questionnaires of visual function. The hearing-related studies presented by Wittich and colleagues (in preparation) resulted in a list of 20 potentially suitable tests to detect changes in various aspects of hearing. The majority were questionnaire-based, to be administered verbally either to the individual with the impairment, for example, the Hearing Handicap Inventory for the Elderly, 23 or to a member of their care team, for example, the staff version of the Nursing Home Hearing Handicap Index. 24 Additional measures included aspects of anatomy, such as an otoscopic exam of the ear canal and wax build-up, as well as access to medical chart information.
In addition to the scoping review results, our team consulted with 20 nurses currently working in LTCHs to elucidate which approaches are currently in use for the identification of sensory loss in residents under their care, and which recommendations they could give to facilitate this process. 16 Their recommendations highlighted the current absence of tools and training for sensory screening suitable for them and their residents, and confirmed the need for more appropriate methods of evaluation. In addition, respondents emphasised the importance of communication techniques with LTCH residents when screening, and the need for additional education of nurses and front-line staff about age-related sensory impairment, with the potential for improving the quality of life for their residents by leveraging and enhancing their sensory capacities. Finally, we consulted specialists in vision and hearing healthcare with specific professional experience in the sensory assessment of older adults with dementia. 25 These specialists recommended an additional three testing tools that did not emerge in the scoping review, 22 as well as more general approaches and adaptations to already existing validated and standardised tests. These included optimal management and additional allotment of time during the testing process, as well as a more flexible approach to the interpretation of what is considered a valid test response based on their clinical experience.
As the next logical step in our efforts to build and validate a sensory screening toolkit for nurses working with older adults living in LTCHs with various levels of dementia, the present study pooled the information gathered during our two scoping reviews (of vision and hearing tests) and two environmental scans (with nurses and sensory specialists). We then used a mixed-methods consensus process, presented here, in order to distil the most appropriate methods of screening for vision and hearing loss to be included in the final development, evaluation and validation of a sensory screening toolkit for older adults with dementia. 
MethOds

Patient and public involvement
The research question addressed in this study was developed in consultation with healthcare professionals who serve older adults living with dementia in long-term care, 16 as well as with information drawn from a review of the existing research literature 22 that included patient participants. However, this study did not directly rely on the involvement of patients or the public.
Consensus method
Given the time demands on specialised clinicians and researchers, we opted to use a mixed qualitative and quantitative methodology that would allow us to minimise the amount of time required for our experts to be able to participate, while maximising the richness and accuracy of the data obtained. Therefore, the first two rounds of our consensus approach (described below) used usability criteria previously established in the context of assistive device utilisation, 26 but here applied to the usability of assessment technology and strategies, whereby our participants quantitatively judged the suitability of potential tests. Given the time involved in this task, this approach allowed participants to complete rounds 1 and 2 at a time of their choosing, in one or multiple sessions. Drawing from the Delphi methodology, 27 we then recruited a subset of experts to participate in an online live panel discussion, in order to discuss the quantitative rankings, and resolve any remaining disagreements. In order to facilitate the comparison and ranking of the materials that were collected during the previous phases of this project, we were inspired by a reactive Delphi method approach, 28 whereby panel members simply responded (reacted) to the information provided instead of generating their own list of items and suggestions. The consulted specialists are able to consider the question and materials presented to them individually, anonymously, and rely only on their own expertise, without being drawn into the dynamics of potential group debate or being influenced by dominating opinion leaders. 29 
Consensus panel selection
Given the reports of nurses working in long-term care, the majority of whom indicated that they considered themselves poorly trained or educated on sensory screening tools and techniques, 16 the present study focused on recruiting and consulting experts with experience in sensory assessment, measurement and screening in the geriatric population. A panel of 12 experts in the fields of sensory and cognitive ageing with specific interest in multimorbidity were recruited through convenience sampling and networking of the investigative team members and collaborators (see table 1 for panellists' characteristics). The panel included members of and contributors to preceding studies, 21 22 along with experts who participated in one of the environmental scans 25 and new members who were based further afield. The panel size of n=12 falls within a previously established range of group sizes that allow for sufficient validity and reliability. 30 31 The panel consisted of three optometrists, three audiologists, one otolaryngologist, two neuropsychologists, one deafblind rehabilitation specialist and two researchers specialising in sensory and cognitive ageing with specific experience working with persons with dementia, and all with a minimum of 5 years of professional experience in their respective fields.
test selection
As part of the larger project, the earlier studies reviewed above ( 16 Open access sufficiently familiar with all tests or may not have used all of them themselves, at a level that they would be comfortable judging them. Panel members did have the option of requesting additional information or to opt out of rating individual tests, if they did not feel qualified to provide a score. These summaries were then transferred to an Excel workbook containing an evaluation grid for each tool. The coauthors then pilot-tested the workbook on two of the measures themselves in order to estimate the time required to complete the assignment and to make sure the instructions and process were clear. After final adjustments, the expert panellists received the complete workbook through an online file-sharing platform, DropCanvas (http://www. dropcanvas. com), along with an email containing instructions sent to all panellists, who were then given 3 weeks to complete the initial rating. They were asked to score each tool, specifically considering the context of nurses administering these measures in LTCHs with residents who had cognitive impairment, on a scale from 1 to 10 according to positive and negative characteristics adapted from the Quebec User Evaluation of Satisfaction with Assistive Technology questionnaire's evaluation categories. 26 The five positive characteristics involved physical convenience, durability, ease of readiness, ease of operation and effectiveness (where 10 represented an ideal score, eg, optimal physical convenience), while the five negative characteristics were training needed, invasiveness, maintenance, cost and time (where 10 represented an ideal score, such as the lowest possible cost). Along with these individual scores, panellists were invited to provide a written justification, especially in the case of extreme scores, as well as overall qualitative feedback on the screening tool. Panellists were finally asked to contribute any sensory screening measure that was not included on the list, so that these may be considered and added to round 2 of the process.
scoring and round 1
The raw scores out of 100 were collated for each tool and each panellist, and then converted to z-scores by subtracting the raw score from the panellist's mean score for all evaluated tools and dividing the result by the panellist's SD for all evaluated tools. When an evaluating panellist did not provide a score for a particular characteristic of a tool (mainly because they reported not being familiar enough with it), their partial score was converted to a score out of 100 before the transformation to a z-score. The 12 z-scores for each tool were then plotted in JASP (JASP Team, Amsterdam, The Netherlands) using box plots in order to identify outliers (>± 3.0 SD). When an outlying score was generated by a panellist whose domain of expertise was different from the one in which the tool would be used (eg, a hearing specialist evaluating an eye chart), the outlier was dismissed. For all other cases, a special report was sent to the evaluator for the purpose of re-evaluation during round 2.
round 2
None of the panel members suggested additional tools to be included in round 2. Only the panellists whose z-scores for a given tool were marked as an outlier and whose area of expertise included the tool in question were approached for round 2. This choice was made to reduce participation burden. They received an updated Excel spreadsheet that reproduced the information on the tool they had accessed during round 1, along with their original outlying score; the overall qualitative comments left by the other panellists for this tool; their own qualitative comments which they submitted during round 1; and for each of the 10 characteristics of the tool, the mean score for all panellists who rated it, its SD and any justification submitted by other panellists for their score. They were then asked to either revise their score, considering the placement of their standardised score when compared with the consensus panel mean (as a way of comparing themselves with the current group consensus), or to preserve their original score, but to justify this in more detail. The outliers from round 1 were then replaced in the analysis with the updated scores, and the data were restandardised, recalculated and plotted again to identify potential round 2 outliers.
round 3: panel discussion and consensus
In order to establish final consensus and to resolve any remaining outlier scores, a subset of four panel members (two hearing experts, two vision experts) together with the two team leaders were invited to a 90 min virtual online meeting in order to discuss and resolve any remaining outliers, to confirm consensus on the final test rankings and to recommend which tests from this ranking will be included in the validation of the sensory screening toolkit.
results round 1
Quantitatively, three panellists, two of whom were hearing specialists and one with experience in deafblind rehabilitation, scored three hearing tests as outliers. Four panel members, three of whom had experience in vision care and one with experience in deafblindness, scored four vision tests as outliers. Qualitatively, several panellists remarked that they foresaw difficulties in the scoring and agreement process, based on the need to potentially adjust the administration of some of the tests, depending on the severity level of dementia in the individuals being tested. Such adjustments would need to be considered in the ranking, and their comments were preserved to inform the discussions in round 3.
round 2
After rescoring the outliers from round 1, one hearing test (pure tone audiometry) remained as having an extreme score (from the deafblind rehabilitation professional), and three vision tests (Feinbloom chart, Ishihara plates and Rosenbaum chart) remained with extreme scores from one vision and one deafblind rehabilitation professional. Their qualitative comments were forwarded to be part of the consensus discussions Open access Table 2 Pearson's correlation coefficients for the 11 experts who provided scores across all vision tests in round 3. We calculated Krippendorff's alpha, 32 with 95% CI based on 1000 bootstrap samples with replacement, as a measure of intercoder agreement, as it is suitable for multiple coders scoring on continuous outcomes. Please note that we opted for Krippendorff's alpha instead of intraclass correlation coefficients because of missing values for some of the measures by some experts, which strongly affect the calculation of intraclass correlation coefficients, but less so of alpha. For the 22 measures of vision, the data from 11 experts who provided scores generated an alpha of 0.68 (95% CI 0.63 to 0.71), whereas for 20 measures of hearing the data from 10 experts who provided scores resulted in an alpha of 0.75 (95% CI 0.64 to 0.82). Pearson's correlation coefficients for the scores of all panel members after round 2, separated by vision and hearing tests, are presented in tables 2 and 3, respectively, ranging from r=0.37 to r=0.94 for vision, and from r=0.54 to r=0.95 for hearing scores. The results of the ranking of all vision and hearing screening tools for rounds 1 and 2 are presented in tables 4 and 5, respectively.
round 3
The goal of the online consensus meeting was to discuss and resolve any discrepancies that emerged during rounds 1 and 2, finalise the rankings of both vision and hearing tests, as well as generate agreement of recommendations for the tools to be included in the subsequent validation process. The four experts and two team leaders briefly discussed the overall ranking results to determine any unexpected outcomes. Having determined good face value of the results, they then focused on the five items scored most highly for each sensory domain, and discussed their perspectives on the feasibility of including each of these tests in the final validation phase. In order of ranking, the top four vision screening tests were hand motion, counting fingers, confrontation visual fields and the HOT-V chart, whereas
Open access the top four hearing screening tests were the Hearing Handicap Inventory for the Elderly, the Whisper Test, the Measure of Severity of Hearing Loss, and the Hyperacusis Questionnaire, respectively. The panel, however, reserved the right to revisit the final choice for the measures to be included in the sensory screening toolkit evaluation, because the use of some of the suggested questionnaires in the context of hearing screening would likely underestimate true cases of hearing impairment, and is seriously limited in cases where verbal communication is impaired due to more severe cognitive decline. In addition, the panel members suggested to potentially include otoscopy even though it was not scored in the top five, because the hearing specialists on the panel argued strongly for testing the feasibility of examining the anatomy of the ear by nurses, as it is impossible to complete an assessment of hearing if the external canal is obstructed with cerumen. 33 In addition, the Finger Rub Test was suggested, even though it had been excluded at the literature review level, given the absence of a validated administration and comparison standard; however, the panel proposed its inclusion given its simplicity of administration and recent reports on its high sensitivity when administered to older adults. 34 disCussiOn
The goal of the present study was to come to a consensus among specialists in sensory and cognitive ageing on which tools and techniques may be the most suitable for nurses when screening for vision and hearing impairments in older adults with dementia living in LTCHs. Our two-stage consensus approach was based on previously presented tests of vision 22 and hearing (W. Wittich et al., in preparation) that could potentially be used with older adults who have cognitive impairment, as well as qualitative insights from sensory specialists 25 and nurses working in LTCHs. 16 Interestingly, the most highly ranked vision screening tests relied on observable visual behaviours, such as responding to the visibility of stimuli and actions within the central or peripheral visual field. In contrast, three of the top four hearing screening tests were questionnaires to be verbally administered to either the patient (in cases where they were able to comprehend and respond to the items) or individuals in their environment (eg, care providers or family members). Only the Whisper Test, as a measure of observable auditory response behaviour, was ranked sufficiently high to be deemed suitable. Consequently, the Finger Rub Test was added to this list at the discussion level of round 3. The qualitative comments of the consensus panel members, specifically on the evaluation forms of round 1 and in the discussions during round 3, highlighted that the majority of tests and tools were ranked low or considered limited in usefulness due to their incompatibility with the scope and practicality of care provision by nurses in LTCHs. For example, tools that have to be specifically purchased, tools that are not easily portable, or that require extra space or time for administration and calibration are unlikely to be accepted and integrated into the work routine of nurses whose time and resources are already strained. These limitations would explain why the top-ranked vision tests do not require equipment (eg, confrontation fields, counting fingers and hand motion), or can easily fit into a pocket (the modified Lighthouse test is available in the shape of a bookmark), and the top-ranked hearing tests are verbally administered questionnaires (even though scoring and keeping a record of the responses would require pen and paper) or do not require equipment (Whisper Test, Finger Rub Test). Such simplicity of testing and readiness of use would allow for easy implementation and more likely adoption into the clinical environment. This desired and/or required simplicity stands in opposition to many of the tools used in research that require Open access controlled conditions (eg, luminance calibration or measurements of background noise), which are not possible in a constantly changing testing environment. Another prominent topic that emerged during the evaluation process by the panel members was the difficulty in judging suitability across the severity levels of cognitive impairment. The panellists agreed that questionnaires, for example, could easily be a measure of choice for LTCH residents without hearing loss, those with mild cognitive impairment or those whose cognitive abilities still allow them to interact verbally in a meaningful way. However, in residents at more advanced stages of dementia, or those with more severe hearing loss, verbal engagement may not be reliable or attainable, making questionnaires unsuitable. Similarly, responding to the task of naming letter optotypes on a vision test, such as the HOT-V chart, may pose problems to some residents with advanced cognitive decline. Even though they may still be able to resolve the targets at the ocular level, they may not be able to process this information at the cortical level or link the stimulus to its meaning, and be able to verbally express it. Such difficulties have been described in cases of posterior cortical atrophy, where the visual cortex is affected earlier than other processing areas. 35 36 The topic of the cognitive spectrum had also previously been raised during our consultation with nurses working in the LTCH setting, 16 as well as with sensory specialists, 25 whose proposed recommendations focused on the use of familiar and personalised stimuli that are meaningful to the resident. For example, members of the panel suggested that speaking the individual's name to observe whether they would orient towards the speaker, and similarly writing their name or presenting a photograph of a family member, and observing whether the individual orients towards the photo or shows a facial response when viewing the image, might be a more suitable screening approach. Such stimuli may not be standardised, but would still give the nurse a better idea as to the sensory (and cognitive) status of their patient, especially when behavioural responses can only be elicited in this way.
The panel member whose specialty was rehabilitation service delivery for individuals with combined vision and hearing impairment brought a unique and important perspective to the ranking and panel discussion process, which in part explained some of the scoring outliers. Specifically, this individual raised concerns about the feasibility of testing vision in the presence of coexisting hearing loss and vice versa, given that the majority of older adults with combined vision and hearing loss are affected with late-onset sensory impairments, such as age-related macular degeneration and presbycusis, 37 a multimorbidity that is highly prevalent in LTCHs, 38 especially in those with cognitive impairments. 14 For many vision tests, the screening for vision impairment is further complicated by the need to rely on hearing to administer the instructions of the test; therefore, sensory screening in the presence of sensory and cognitive multimorbidity is a challenge that remains to be explored and addressed by future research. Early attempts at developing suitable tactile assessment measures are currently ongoing 39 and will likely continue to be refined as the need for such evaluations increases.
Given the complexity of both the study topic and the realities of the LTCH environment, there are various limitations that need to be considered when interpreting our findings. First, use of a combined quantitative and qualitative consensus method itself may be limited in its ability to give rise to the optimal recommendations for sensory screening tools, because its reactive nature may limit the influence of clinical intuition of some panel members. Even though we are confident in the abilities of our panellists and their ability to provide qualitative feedback during the consensus process, it is possible that a different group of specialists or a more diverse geographical or specialty representation may have resulted in different rankings of the presented tools. The panel members were asked to view the measures with the administrative realities of nurses working in LTCHs in mind. However, only some of the clinician panellists had previously provided vision and/or hearing health services inside such an environment themselves (possibly hinting at the lack of such care provision in LTCHs, even though their rankings were quite similar for the majority of the measures). In addition, this exercise in perspective-taking, where a researcher views the problem through the eyes of a clinician, may not be the perfect approach to the scoring of tests. Previous work using this approach has demonstrated priority differences between clinical and research goals when using perspective-taking. 40 This effect may also be reflected in our acceptable, but not excellent, intercoder agreement values of Krippendorff's alpha. We hope to balance out such possible differences by presenting our findings in the context of consultation with nurses working in LTCHs at an earlier phase of this project. 16 The next step focuses on resolving these concerns by developing and validating a sensory screening toolkit in collaboration with LTCH nurses. In this final phase, we will be using the recommended vision and hearing tests presented here, with nurses administering these tests in the LTCH environment, to judge their feasibility, and test their reliability and validity, by comparing this screening with the complete sensory examinations of LTCH residents by vision and hearing specialists. This final phase is currently ongoing.
The present study highlights the need for a better understanding of the links between sensory and cognitive abilities in older adults, both from a research and a clinical perspective. Particularly in the context of care and assessment of older adults living in LTCH, who require complex care due to multimorbidity, including sensory and cognitive abilities, we are currently ill-equipped to truly grasp their needs and capacities. The present study forms an additional step towards the development and validation of a sensory toolkit specifically designed to assist nurses working in LTCHs in identifying residents with dementia that could benefit from sensory interventions. Once the feasibility of this toolkit has been evaluated and its use validated, the ultimate goal is to implement such sensory screening methods more widely throughout LTCHs, in order to bring appropriate vision and hearing care to all residents who can benefit from it, specifically those who may be unable to advocate for and express such needs themselves. 
